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Abstract
Objective : To evaluate the usefulness of cerebral perfusion and oxygenation parameters monitored by a portable 
near-infrared time-resolved spectroscopy (NIR-TRS) system as indicators of cerebral maturation in preterm neo-
nates.
Methods : Cerebral hemoglobin oxygen saturation (cSO2), cerebral blood volume (CBV), fractional cerebral tis-
sue oxygen extraction (cFTOE), and the light-reduced scattering coefficient (µ’s) at 761, 801, and 834 nm were 
determined in 35 appropriate for gestational age neonates at <30 weeks gestation using a portable NIR-TRS.  
Oxygen saturation was measured using pulse oximetry (SpO2) and blood Hb levels were collected simultaneously 
every week after birth until ≥37 weeks of corrected gestational age (cGA). Full-term infants were used as control 
subjects.
Results : There were significant negative correlations between cGA and cSO2 (r=0.74 ; p<0.01) and between cGA 
and blood Hb levels (r=0.79 ; p<0.01), and significant positive correlations between cGA and cFTOE (r=0.86 ; 
p<0.01) and between cGA and the μ’s at the 3 wavelengths (r=0.78, 0.82, 0.82 respectively ; p<0.01). No corre-
lation was observed between cGA and CBV. Significantly lower cSO2 (p<0.01) and blood Hb levels (p<0.01), 
and significantly higher CBV (p<0.01), cFTOE (p<0.01), and μ’s at the 3 wavelengths (p<0.01) were observed in 
preterm infants at term than in full-term infants.
Conclusion : The positive relationship observed between cGA and cFTOE suggests that cerebral oxygen con-
sumption increases as a reaction to decrease in cSO2 due to advancement of anemia of prematurity. The signifi-
cant positive correlation between cGA and the µ’s suggests that the µ’s is a useful parameter for assessing structural 
changes in the brain. A lower µ’s in preterm infants at term compared with that in term infants indicates a struc-
turally immature brain. Chronological changes in the parameters of cerebral perfusion and oxygenation in pre-
term infants monitored by NIR-TRS may be useful in evaluating brain development.
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1. Introduction
Recently, the survival rate in children born very pre-
maturely has markedly improved owing to advances in 
medical technology and management, as well as a better 
understanding of neonatal pathophysiology. However, 
complications due to premature birth can still occur. 
The poor growth of preterm infants during hospitaliza-
tion is negatively influenced by a variety of complica-
tions, including sepsis, necrotizing enterocolitis, and 
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bronchopulmonary dysplasia, which further compromise 
nutritional intake. Extrauterine growth restriction is a 
common problem in premature neonates and may be 
associated with neurological and sensory handicaps1)2). 
Body weight or neurological development is often lower 
in preterm infants at term age than in term infants. 
Therefore, it is important to perform a neurological eval-
uation of premature infants during hospitalization in 
arriving at a medium- to long-term prognosis. One 
recent study reported that magnetic resonance imaging 
(MRI) was the only method capable of detecting struc-
tural changes in the brains of early postnatal neonates3). 
In preterm infants, white matter abnormalities such as 
volume reduction detected on MRI at term age are asso-
ciated with early developmental delay4-6). However, 
repeated brain MRI scans for chronological evaluation 
are not routinely performed during the early postnatal 
period because of the need for sedation and transfer of 
the premature neonate.
The balance between cerebral oxygen delivery and 
oxygen use can be monitored by near-infrared spectros-
copy (NIRS)7). Recent reports have demonstrated the 
usefulness of evaluating acute-stage cerebral circulation 
and metabolism by NIRS in early postnatal premature 
neonates8-12). Ijichi et al. evaluated cerebral Hb oxygen 
saturation (cSO2), cerebral blood volume (CBV), and the 
light-reduced scattering coefficient (μ’s) among neonates 
born at various gestational ages using a near-infrared 
time-resolved spectroscopy (NIR-TRS) system. They 
observed a positive relationship between postconcep-
tional age and the μ’s, indicating that the µ’s might offer a 
new parameter for assessing structural changes in the 
brain such as neuronal proliferation, migration, organiza-
tion, and myelination13). However, to our knowledge, 
no studies to date have longitudinally investigated varia-
tion in the parameters of cerebral perfusion and oxygen-
ation according to differences in corrected gestational 
age (cGA) in the same subjects.
The current study aimed to evaluate the correlation 
between quantitative parameters such as cSO2, CBV, and 
the µ’s measured using a portable NIR-TRS and cGA to 
determine their relationship with cerebral maturation in 
preterm infants.
2. Methods 
2.1. Subjects
Appropriate for gestational age (AGA) infants (birth 
weight within the 10th percentile for GA) born at <30 
weeks gestation and admitted to the Neonatal Intensive 
Care Unit of Tokyo Medical University Hospital between 
November 1, 2010 and May 31, 2013 were enrolled in 
this study. A total of 35 AGA preterm infants (21 boys 
and 14 girls) were enrolled. The mean (SD) GA of the 
infants was 27.3 (2.0) weeks and the mean (SD) birth 
weight was 1,004.9 (322.3) g. Infants with congenital 
anomalies, congenital heart disease, or intraventricular 
hemorrhage, and those who were small for gestational 
age (SGA) were excluded. Twenty-eight full-term 
infants born at Tokyo Medical University Hospital 
between October 1, 2011 and October 31, 2013 were 
used as controls for a comparison with preterm infants at 
term. The mean (SD) GA of the full-term infants was 
38.9 weeks (1.5 weeks), with a range of 37.0-41.5 weeks, 
and the mean (SD) GA of the preterm infants at term was 
38.6 weeks (1.1 weeks), with a range of 37.0 to 40.7 
weeks. The study protocol was approved by the 
Research Ethics Committee of Tokyo Medical Univer-
sity. Written informed consent was obtained from the 
parents of all infants enrolled.
2.2.　NIRS measurements
Hemodynamic data were acquired using an NIR-TRS 
system (TRS-20, Hamamatsu Photonics K.K., Shizuoka, 
Japan) employing the time-correlated single-photon 
counting method to obtain a temporal profile of the 
detected photons. This system features improved opti-
cal sensitivity compared with the TRS-10 system14)15) and 
employs a GaAs photocathode photomultiplier tube 
(H7422P-50MOD, Hamamatsu Photonics K.K.) with a 
quantum efficiency of above 12% at approximately 800 
nm. The TRS-20 is computer controlled through a digi-
tal input/output (I/O) interface consisting of a 3-wave-
length (761, 801, and 834 nm) picosecond light pulser 
(PLP, Hamamatsu Photonics K.K.) as the light source, a 
photon-counting head (composed of a fast-response, 
highly sensitive photomultiplier tube and high-speed 
amplifier) with a 9-step optical attenuator for single pho-
ton detection, and signal processing circuits (consisting 
of a constant fraction discriminator, time-to-amplitude 
converter, analog/digital (A/D) converter, and histogram 
memory) for time-resolved measurements. The PLP 
generates a light pulse with a pulse width of 100 ps, a 
pulse rate of 5 MHz, and an average power of approxi-
mately 80 μW. Three PLPs emit light pulses sequen-
tially, and the 3-wavelength light pulses are guided into 1 
illuminating optical fiber by a fiber coupler (NTT 
Advanced Technology Corporation, Tokyo, Japan). A 
grated index-type single optical fiber with a numerical 
aperture (NA) of 0.25 and core diameter of 200 μm was 
used for irradiation of tissue. An optical bundle fiber 
(Moritex Corporation, Tokyo, Japan) with an NA of 0.26 
and bundle diameter of 3 mm was used to collect dif-
fused light from the tissue for light detection16). To cal-
culate the values of the light absorption coefficient (µa) 
and μ’s for the 3 wavelengths, the temporal profile 
obtained from the TRS measurement was fitted with that 
obtained from the theoretical solution of the diffusion 
equation by Patterson et al. using the non-linear least 
squares fitting method17). Subsequently, oxyHb and 
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deoxyHb levels were calculated from the μa of the 3 
wavelengths (761, 801, and 834 nm) according to the fol-
lowing equations :
μa 761 nm= εoxyHb 761 nmCoxyHb+εdeoxyHb 761 nmCdeoxyHb
　　　 +εH2O 761 nmCH2O
μa 801 nm= εoxyHb 801 nmCoxyHb+ε deoxyHb 801 nmCdeoxyHb
　　　 +εH2O 801 nmCH2O
μa 834 nm= εoxyHb 834 nmCoxyHb+ε deoxyHb 834 nmCdeoxyHb
　　　 +εH2O 834 nmCH2O,
in which εm λnm is the molar extinction coefficient of the 
substance m at wavelength λ, and Cm is the concentration 
of the substance m. On the assumption that light 
absorption at this wavelength occurs in oxyHb, deoxyHb, 
and water in the living body, and that there is no other 
background absorption, we determined the TRS values 
for oxyHb and deoxyHb with a tissue water concentra-
tion of 85%18)19). The levels of tHb, cSO2, cerebral frac-
tional tissue oxygen extraction (cFTOE), and CBV were 
obtained using the following equations12)20) :
[tHb] (μM) = [oxyHb] + [deoxyHb]
cSO2 (%) = [oxyHb]/[tHb] × 100
cFTOE = (SpO2−cSO2)/SpO2
CBV (mL/100 g) = [ctHb] × MWHb× 10
−6/
 (Hb × 10−2 × Dt ×10),
where [ ] indicates the Hb level (μM) obtained using 
NIRS, [ctHb] is the cerebral tHb level (μM), MWHb is 
the molecular weight of Hb (64,500), Hb is the blood 
hemoglobin level (g/dL), Dt is the brain tissue density 
(1.05 g/mL), and SpO2 is the arterial oxygen saturation 
measured by pulse oximetry (%).
The TRS-20 was switched on for more than 20 min 
before measurements were taken to stabilize the sys-
tem. An optode with a distance of 30 mm between the 
irradiating fiber and the detecting fiber was placed on the 
forehead of the infant and covered with an opaque cloth 
to prevent stray light from reaching the detector. Mea-
surements were taken in the reflectance mode every week 
after birth until term (37 to 40 weeks cGA). The condi-
tions of the infants were stable, and all measurements 
were taken over a period of >1 min. If the measure-
ment was affected by a movement artifact or stray light, 
measurements were repeated until reproducible data were 
obtained.
2.3. Measurement of other variables
A pulse oximeter (Nellcor Pulse Oximeter N-200 ; 
Tyco Healthcare Japan, Tokyo, Japan) was used to simul-
taneously monitor and record SpO2 along with the TRS-
20 measurements. Blood Hb levels were measured 
using blood collected by heel lance immediately after the 
TRS-20 recordings (ABL835 ; Radiometer K.K., Tokyo, 
Japan). The data were stored on a computer and the 
median values over the measurement period calculated.
2.4. Statistical analysis
Statistical analyses were performed using SPSS statis-
tics 19 software for Windows (IBM Japan, Tokyo, 
Japan). The GA and birth weights of the 35 AGA pre-
term infants were expressed as the mean±SD. The 
CBV, cSO2, cFTOE, µ’s, and blood Hb at different time 
points were compared using a repeated-measures ANOVA. 
Pearson’s correlation coefficients and simple linear 
regression analysis were used to determine the relation-
ships between cGA and the parameters of cerebral perfu-
sion and oxygenation such as CBV, cSO2, cFTOE, and 
µ’s. The Mann-Whitney U test was used to compare the 
parameters of cerebral perfusion and oxygenation between 
preterm infants at term and full-term infants. A p value 
of less than 0.05 was considered to indicate a statistically 
significant difference between groups.
3. Results
 The results of the regression analysis between cGA 
and the parameters of cerebral perfusion and oxygenation 
(blood Hb, cSO2, cFTOE, CBV, and the µ’s) are shown in 
Figs. 1-5. There were significant negative correlations 
between cGA and blood Hb (r=0.79 ; p<0.01) and 
between cGA and cSO2 (r=0.74 ; p<0.01), as shown in 
Fig. 1 and Fig. 2. As shown in Fig. 3 and Fig. 5, there 
were positive correlations between cGA and cFTOE 
(r=0.86 ; p<0.01) and between cGA and µ’s 761 nm 
(r=0.78 ; p<0.01), 801 nm (r=0.82 ; p<0.01), and 834 
nm (r=0.82 ; p<0.01). There was no correlation 
between cGA and CBV (p=0.13), as shown in Fig. 4. 
The results of the Mann-Whitney U test between param-
eters of cerebral perfusion and oxygenation in preterm 
infants at term age and those in full-term infants are 
shown in Table 1. There was no difference in cGA (p= 
0.85) between preterm infants at term and full-term 
infants, but there were significant differences in the body 
weights (p<0.01) between the two groups at term. 
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Figure 1. Correlation between cGA and blood Hb levels 
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Fig. 1. Longitudinal changes in cGA and blood Hb. There was 
a significant negative correlation between cGA and blood 
Hb (r=0.74 ; p<0.01).
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Blood Hb (p<0.01) and cSO2 (p<0.01) at term age were 
significantly lower in preterm infants than in full-term 
infants, and CBV (p<0.01) and cFTOE (p<0.01) were 
significantly higher in preterm infants at term than in 
full-term infants. The µ’s at all wavelengths in neonates 
at term age were significantly lower in preterm infants 
than in term infants (761 nm, p<0.01 ; 801 nm, p<0.01 ; 
834 nm, p<0.01).
4. Discussion
To our knowledge, this is the first report on chronolog-
ical changes in cerebral perfusion and oxygenation 
parameters measured by a portable NIR-TRS system 
from birth to term age in preterm infants born at <30 
weeks gestation. Furthermore, this report compared 
cerebral perfusion and oxygenation parameters in pre-
term infants at term with those in full-term infants.
There were significant negative correlations between 
cGA and cSO2, and between cGA and blood Hb levels, 
and significant positive correlations between cGA and 
cFTOE, and between cGA and the μ’s. Although there 
was no correlation between cGA and CBV, the CBV val-
ues at <30 weeks cGA tended to be higher than those 
after 30 weeks cGA. Significantly lower cSO2 blood 
Hb levels and μ’s were observed in preterm infants at 
term age than in full-term infants, and preterm infants 
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Figure 2. Correlation between cGA and cSO2 
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Fig. 2. Longitudinal changes in cGA and cSO2. There was a 
significant negative correlation between cGA and cSO2 (r= 
0.79 ; p<0.01).
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Figure 3. Correlation between cGA and cFTOE 
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Fig. 3. Longitudinal changes in cGA and cFTOE. There was a 
positive correlations between cGA and cFTOE (r=0.86 ; 
p<0.01).
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Figure 4. Correlation between cGA and CBV 
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Fig. 4. Longitudinal changes in cGA and CBV. There was no 
correlation between cGA and CBV.
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Figure 5. Correlations between cGA and µ’s (761 nm, 801 nm, and 834 nm) 
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Fig. 5. Longitudinal changes in cGA and µ’s at the 3 wave-
lengths. There were positive correlations between cGA 
and µ’s 761 nm (r=0.78 ; p<0.01), 801 nm (r=0.82 ; p< 
0.01), and 834 nm (r=0.82 ; p<0.01).
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demonstrated a markedly higher CBV, and cFTOE and μ’s 
at term age than full-term infants.
The cSO2 value is determined by changes in blood Hb 
levels, blood flow, and metabolic rate of oxygen utiliza-
tion, and hence there have been several reports showing 
that cSO2 is suitable for evaluation of cerebral oxygen-
ation in neonates during the early postnatal period8-12). 
The cFTOE value reflects the balance between oxygen 
supply and oxygen consumption, and is therefore used to 
assess cerebral oxygenation and cSO2 in newborns dur-
ing the early phase8-12)20). Ijichi et al. noninvasively 
evaluated cSO2 as an absolute value in 22 infants of dif-
ferent gestational ages using a TRS system and found 
significant negative correlations between postconcep-
tional age and cSO2, and between postconceptional age 
and blood Hb levels. In the present study, the chrono-
logical course of change in cSO2, cFTOE, and blood Hb 
levels with increase in cGA was investigated by repeated 
measurements in the same newborn. The results indi-
cate that there are significant negative correlations 
between cGA and cSO2, and between cGA and blood Hb 
levels, consistent with previous literature13), whereas 
cFTOE significantly increased with increase in cGA. 
There was a significant decrease in blood Hb levels with 
increase in cGA. This suggests that the concomitant 
marked decrease in cSO2 was due to advancement of 
anemia of prematurity. Consequently, the oxygen extrac-
tion rate or cFTOE might increase in order to maintain 
oxygenation of brain tissue with maturation. We also 
compared cerebral perfusion in preterm infants with that 
in full-term infants. The cSO2 and blood Hb levels at 
term age were significantly lower in preterm infants than 
in full-term infants, and cFTOE was significantly higher 
in preterm infants at term than in full-term infants. This 
indicates that preterm infants at term age have signifi-
cantly lower blood Hb levels than full-term infants due 
to anemia of prematurity, and therefore the rate of oxy-
gen extraction is increased to maintain cerebral oxygen-
ation.
It has been suggested that CBV values are higher in 
adults than in newborns as the ratio of gray matter, which 
possesses a larger percentage of blood vessels, relative to 
white matter increases with gestational age, and this has 
been confirmed in an anatomic study21). Ijichi et al.13) 
demonstrated that CBV increased with postconceptional 
age, whereas there was no correlation between CBV and 
cGA in this study. This difference may be due to differ-
ences in the subjects analyzed in each study : the previ-
ous study analyzed neonates born after 30 weeks of ges-
tation, whereas in this study, more premature infants born 
at <30 weeks of gestation were analyzed. We measured 
and compared cerebral perfusion and systemic perfusion 
between AGA infants and SGA infants, and found signifi-
cantly higher SO2 and hematocrit (Ht) levels in SGA 
infants, but no significant difference in CBV between the 
two groups22). The expansion of cerebral vessels despite 
high Ht levels in SGA infants might be a compensatory 
mechanism to maintain oxygen delivery to the brain, 
which reflects weak contraction and low cardiac output 
of the left ventricle sustaining the relatively large brain. 
We hypothesized that cerebrovascular expansion might 
be required to maintain CBV in the regulation of oxygen 
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Table 1.  Comparison of parameters of cerebral perfusion and oxygenation at term between preterm 
infants and full-term infants.
Preterm infants at term Full-term infants
p value
Mean (SD)
cGA 38.6 (1.1) 38.9 (1.5) p = 0.40
Birth weight 2,432.9 (414.3) 2,891.1 (402.6) p < 0.01 
Blood Hb 10.8 (1.5) 16.4 (2.2) p < 0.01
cSO2 65.8 (2.39) 70.6 (2.66) p < 0.01
CBV 2.32 (0.53) 2.03 (0.46) p < 0.01
cFTOE 0.32 (0.03) 0.28 (0.03) p < 0.01
µ’s 761 nm 5.21 (0.86) 6.73 (1.04) p < 0.01
µ’s 801 nm 5.15 (0.81) 6.52 (1.04) p < 0.01
µ’s 834 nm 5.21 (0.84) 6.63 (1.07) p < 0.01
The results of the Mann-Whitney U test between parameters of cerebral perfusion and oxygenation 
in preterm infants at term age and those in full-term infants. There was no difference in cGA 
between preterm infants at term and full-term infants, but there were significant differences in the 
body weights (p<0.01) between the two groups at term. Blood Hb (p<0.01) and cSO2 (p<0.01) at 
term age were significantly lower in preterm infants than in full-term infants, and CBV (p<0.01) and 
cFTOE (p<0.01) were significantly higher in preterm infants at term than in full-term infants. The 
µ’s at all wavelengths in neonates at term age were significantly lower in preterm infants than in 
term infants (761 nm, p<0.01 ; 801 nm, p<0.01 ; 834 nm, p<0.01).
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delivery to cerebral tissue in preterm infants. However, 
we found that blood Hb levels decreased with increase in 
cGA due to anemia of prematurity, which is similar to the 
compensatory mechanism that maintains cerebral oxy-
genation in SGA infants. Moreover, CBV values were 
significantly higher in preterm infants at term age with 
lower blood Hb levels than in full-term infants. Fur-
thermore, the significantly higher CBV in preterm infants 
at term age who had anemia of prematurity than in full-
term infants who had no anemia is thought to be due to a 
mechanism to maintain cerebral oxygenation.
Biologically, in the very premature newborn, the brain 
is still at the fetal stage of development, during which 
processes such as dendritic and axonal growth and syn-
aptogenesis predominate23). In late gestation and infancy, 
synaptic pruning and myelination become more promi-
nent24). A recently developed TRS device enables the 
simultaneous and quantitative analysis of µ’s in tissue 
based on photon diffusion theory. Using this device, 
Yamashita et al.25) showed that the µ’s in piglet brain sig-
nificantly decreased in value after death, which indicates 
that these values reflect structural changes in tissue as a 
result of cerebral energy failure. Ijichi et al.13) reported 
that developmental changes in the brain such as neuronal 
proliferation, migration, organization, and myelination 
correlate with a positive relationship between the µ’s and 
postconceptional age. In the current study, we found a 
significant positive correlation between the µ’s and cGA, 
indicating that the µ’s might be a useful parameter for 
assessing structural changes in the brain of preterm infants. 
Furthermore, a lower µ’s in preterm infants at term com-
pared with that in term infants may be associated with 
lower neurological development in preterm infants.
There were several limitations to this study. Although 
management methods for respiratory and circulatory sup-
port during the study periods were similar, we cannot 
exclude the possibility that minor differences such as set-
ting of the respirator or timing of tracheal extubation may 
have affected clinical variables and also contributed to 
variations in the conditions of the subjects. Currently, 
the relationship between the µ’s and cerebral structure is 
in the realm of circumstantial evidence, and the current 
study had a small sample size.
In conclusion, we longitudinally measured and assessed 
cerebral perfusion and its relationship to cerebral matura-
tion by analyzing variables in NIR-TRS measurements 
from birth to term age in preterm infants born at <30 
weeks gestation. There were significant negative corre-
lations between cGA and cSO2, and between cGA and 
Hb levels, and significant positive correlations between 
cGA and cFTOE, and between cGA and the μ’s. This 
suggests that oxygen consumption increases as the brain 
matures, increasing the rate of oxygen extraction as a 
reaction to the advancement of anemia of prematurity to 
maintain cerebral metabolism. There was no correla-
tion between CBV and cGA, whereas blood Hb levels 
significantly decreased with increase in cGA, suggesting 
a compensatory mechanism to maintain cerebral oxygen-
ation. We propose that a lower cSO2, µ’s, and blood Hb 
level in preterm infants at term age compared with in 
term infants may indicate immaturity of the cerebral 
structure in premature newborns. Chronological changes 
in the parameters of cerebral perfusion and oxygenation 
in preterm infants monitored by NIR-TRS may be useful 
in evaluating cerebral maturation. However, further 
study is needed to verify the validity of the NIR-TRS 
parameters measured in this study in providing an accu-
rate picture of longitudinal neurological outcome. 
Such study will need, therefore, to clarify the relationship 
between these parameters and the results of brain MRI at 
term-age, full-scale intelligence quotient scores, educa-
tional attainment, and behavioral scores.
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近赤外時間分解分光装置を用いた早産児における 
脳循環代謝指標の在胎週数による評価
奈　良　昇乃助　　　高　見　　　剛　　　石　井　宏　樹 
菅　波　佑　介　　　近　藤　　　敦　　　春　原　大　介 
河　島　尚　志
東京医科大学小児科学分野
【要旨】　背景 : 早産児の出生後の脳循環代謝指標の経時的な経過についての報告はない。今回、我々は近赤外時間
分解分光法（NIR-TRS）を用い、早産児における出生から修正満期までの脳循環指標の経時的評価を行い、早産児
の脳成熟と脳循環指標との関連について考察した。
　方法 : 対象は当院 NICUで管理を行った在胎週数 30週未満の AGA児 35症例。浜松ホトニクス社製の TRS-20を
用いて、出生後から修正在胎週数（cGA）37週を超えるまで毎週、脳内 Hb酸素飽和度（cSO2）、脳組織血液量（CBV）、
脳組織酸素摂取率（cFTOE）、光散乱係数（µ’s）を測定し、SpO2と血中 Hb値を同時に測定した。
　結果 : 修正週数と cSO2 （r=0.74 ; p<0.01）、血中 Hb値（r=0.79 ; p<0.01）の間に負の相関、修正週数と cFTOE 
（r=0.86 ; p<0.01）、µ’s （r=0.82 ; p<0.01）の間に正の相関を認めた。修正週数と CBVの間には相関を認めなかった。
修正満期まで成長した早産児と正期産出生児について比較したところ、cSO2と血中 Hb値は修正満期の早産児で有
意に低く（p<0.01）、CBV、cFTOE、µ’sは有意に高値（p<0.01）を示していた。
　結論 : 修正週数と µ’sとの間に正の相関を示したことから、µ’sが早産児の脳構造の変化の評価に有用である可能
性が示唆された。また、修正週数と cSO2、血中 Hb値に負の相関、修正週数と cFTOEの間に正の相関を認めたこと
から未熟児貧血の進行に対する代償として脳組織での酸素摂取率を増加させていることが考えられる。TRS法を用
いた早産児における脳循環代謝指標の経時的評価は脳発達の評価に有用である可能性がある。
〈キーワード〉　近赤外線分光法（NIRS）、脳組織酸素飽和度（cSO2）、脳血液量（CBV）、光散乱係数（μ’s）
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